General Experimental Remarks
All reactions using dry solvents were carried out under argon in glassware dried with a heat gun under vacuum. Solvents for chromatography, unless purchased as pro analysi (p.a.) grade, were distilled over a rotary evaporator before use. THF was always freshly distilled from sodium/benzophenone. Diisopropylamine and Tetramethyl pieridine were distilled from CaH 2 and stored in a Schlenk tube under argon. BuLi, vinylmagnesium bromide and ZnCl 2 were purchased as solutions and stored under argon at +7 °C or r.t. in the case of BuLi. Aged BuLi solutions were titrated against NBenzylbenzamide. All other reagents were used as supplied from commercial sources and stored appropriately.
1 H-and 13 C NMR spectra were recorded in CDCl 3 on Bruker DMX 300 and Bruker DRX 500 spectrometers. IR spectra were measured on a Jasco FT/IR-430 with ATR attachment spectrometer. Low and High resolution ESI mass spectra were recorded with a Bruker amaZon SL and a Bruker maXis 4G spectrometer, respectively.
Experimental Procedures

Synthesis of DICHED
2-Bromo-1-cyclohexylethanone (3)
Bromine (1.9 mL, 36.3 mmol) was added dropwise over a course of 40 min.
[*] to a solution of ketone 2 (5 mL, 4.59 g, 36.3 mmol) in MeOH (30 mL) at 0 °C. The reaction mixture was stirred for 2h at 0 °C. First water (30 mL) was added and the reaction mixture was warmed to room temperature, then Et 2 O (50 mL) was added and the phases were separated. The aqueous layer was extracted again with Et 2 O (50 mL) and the combined organic phases were washed successively with a solution of K 2 CO 3 (10%, 3x30 mL). The organic phase was dried over MgSO 4 , filtered and concentrated in vacuo [**] to yield bromoketone 3 (7.20, 35.1 mmol, 97%). The product was used in the next step without further purification. [1] Xie, L.; Wu, Y.; Yi, W.; Zhu, L.; Xiang, J.; He, W. J. Org. Chem. 2013, 78 (18) , 9190-9195.
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(S)-2-Cyclohexyloxirane (5)
A solution of catalyst 4 (2.77 g, 8.85 mmol,) and BH 3 •DMS (5.7 mL, 60.2 mmol) were stirred under Argon in dry THF (200 mL) for 30 min. at room temperature. The mixture was cooled to 0 °C and a solution of bromoketone 3 (17.54 g 85.5 mmol) in dry THF (170 mL) was added dropwise over a course of 1 h. The solution was stirred for further 20 min. at 0 °C after which the reaction is quenched by the addition of MeOH (200 mL). The solvents were removed in vacuo yielding a yellow oil, which was dissolved in THF (400 mL) before a 2M solution of NaOH (200 mL) was added and the reaction mixture was stirred vigorously for 2h at room temperature. The phases were separated and the aqueous phase was extracted with Et 2 O (2x200 mL). The combined organic layers were dried over MgSO 4 , filtered and concentrated in vacuo.
[ 
13
C NMR (75 MHz, CDCl 3 )  = 56. 6, 46.0, 40.4, 29.7, 28.8, 26.3, 25.7, 25.5. 1 H-and 13 C NMR data were consistent with those previously reported.
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Comments:
The procedure is based on that reported by Ortiz-Marciales and co-workers 
(1S,2S)-Dicyclohexylethan-1,2-diol (S,S-DICHED, SS-1)
Immediately before the reaction, LiTMP was prepared in a separate flask by addition of a 1.6 M solution of n-BuLi (29.7 mL, 47.5 mmol) in hexanes to a solution of dry tetramethylpiperidine (8.0 mL, 47.5 mmol) in dry THF (45 mL) at 0 °C. The LiTMP solution was stirred for 0.5 h at room temperature, transferred into a dropping funnel and added dropwise over 100 min. to a solution of epoxide 5 (3.00 g, 23.7 mmol) and boronate 6 (9.99 g, 47.5 mmol) in dry THF (45 mL), which was cooled by an ice bath (0 °C). After the addition was complete the reaction mixture was stirred for 0.5 h at 0 °C and 1.5 h at 13-14 °C (p-xylene/dry ice bath).
[*] After that the reaction mixture was cooled to 0°C again 
Derivatisation with (S)-OAc-Mandelic acid for Determination of ee
To a mixture of DICHED SS-1 (10 mg, 44.4 µmol), (S)-(+)-O-Acetylmandelic acid (10 mg, 53 µmol) and DMAP (3 mg), stirred in DCM (0.5 mL) at 0 °C, was added a solution of DCC (11 mg, 53 µmol) in DCM (0.3 mL). The reaction mixture was stirred for 2 h at rt, after which a white solid precipitated. The solution was filtered over a plug of silica (2 cm), which was fixed in a Pasteur pipette with cotton wool. The plug was rinsed with DCM (20 mL). 
Derivatisation with (S)-OAc-Mandelic Acid for Enantiomeric Enrichment
Resolution: The reaction described above was conducted with 300 mg (1.33 mmol) of SS-1. The batch had tested as 91% ee before by the method described above. Chromatography of the product over silica (column diameter 4 cm, height 20 cm) using CH 2 Cl 2 /EtOAc (49:1) delivered a highly pure fraction of 7 (336 mg, 0.84 mmol, 63%), as well as a slightly less pure fraction of 7 (93 mg, 23%) containing no signs of dia-7 (93 mg, 23%). Further fractions were obtained that contained a mixture of both 7 and dia-7 as well as several other impurities Data for 7. rf. 3, 168.4, 134.2, 129.4, 128.9, 127.6, 79.0, 74.53, 74.48, 39.8, 38.1, 29.2, 28.9, 28.8, 28.6, 26.20, 26.17, 25.84, 25.81, 25.61, 25.57, 20.7. [ Cleavage: To obtain enantiomerically enriched S,S-DICHED (SS-1) the purified material 7 (336 mg, 0.83 mmol) was dissolved in MeOH (160 mL) and powdered NaOH (1.30 g, 32.5 mmol) was added. The reaction mixture was neutralized under ice bath cooling with HCl (240 mL, 0.5 wt %). The aqueous layer was extracted with DCM (3 x 200 mL). The combined organic layers were washed with Brine (2 x 100 mL), dried over MgSO 4 and concentrated in vacuo, yielding S,S-DICHED SS-1 (154 mg, 0.68 mmol, 82%) as a white solid. Under an atmosphere of argon a solution of triisopropyl borate (8.28 g, 44.1 mmol) and dry ethylene glycole (2.50 mL, 44.21 mmol) in toluene (170 mL) was heated to 80 °C until the mixture was homogeneous. Afterwards the reaction mixture was cooled to 60 °C and a solution of (S)-,-diphenyl(pyrrolidin-2-yl)methanol (11.03 g, 43.55 mmol) in toluene (70 mL) was added dropwise, which led to the precipitation of a white solid. The suspension was stirred for 20 min. at 55 °C and afterwards allowed to reach room temperature. The white solid was isolated by filtration and washed thrice with cold Et 2 O (20 mL). The product was dried under vacuum yielding 4 as a white solid (11.98 g, 37.07 mmol, 85 %). 
Confirmation of absolute Configuration S,S-DICHED
To confirm the absolute configuration of S,S-DICHED, the first steps of our cytisine 6 synthesis were conducted with S,S-DICHED (ee> 95%, produced by this method) instead of pinanediol as a chiral director. Therefore the C 1 -buildingblock 11 was homologated with LiCHCl 2 yielding S1. This reaction was known to proceed only with a de of approx. 80% under these conditions for the corresponding pinanediol derivative. 7 We chose this method partly because we wanted to see, whether the undesired diastereomere would decompose and thus raise the ee of the sequence. This double stereodifferentiating effect was described by Matteson for the substitution of -halo boronic esters of C2-symmetrical chiral directors with Grignard reagents and is shown in the lower part of scheme S3.
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Substitution of S1 with Vinylgrignard produced 12 in 51% yield over two steps. Subsequent homologation and oxidation delivered the known intermediate S3 in 50% yield over two steps. The ee of S3 was tested by derivatization with S-OAc-Mandelic acid as described before and turned out to be only 80%. That way the absolute stereochemistry of 11 and thus S,S-DICHED SS-1 was confirmed.
Scheme S3: Using S,S-DICHED in our Cytisine synthesis confirmed the absolute configuration and suggests that no double stereodifferentiation occurs in this case.
However, it seems like no double stereodifferentiation took place in this case. This could indicate that the higher tendency of the vinyl group to undergo 1,2-rearangements favors the lower pathway, and thus does not allow for the double stereodifferentiation to effect the ee of this reaction. Further studies that compare different sp 3 , sp 2 and sp-hybridized alkyl groups on R 2 in terms of their migration tendencies, and the resulting effect on the double stereodifferentiation, would be necessary for a confident conclusion. Although these lay beyond the scope of this investigation, the low ee of alcohol S3 remains a noteworthy observation.
[6] Struth F. R.; Hirschhäuser C. 
(4S,5S)-2-((R)-1-(benzyloxy)but-3-en-2-yl)-4,5-dicyclohexyl-1,3,2-dioxaborolane
A solution of n-BuLi in hexanes (0.5 mL, 1.6 M, 0.78 mmol) was added to a mixture of DCM (0.15 mL, 2.4 mmol) in dry THF (8 mL) at -100 °C. The reaction mixture was stirred 10 min before a solution of boronate 11 9 (239 mg, 0.67 mmol) in dry THF
(1 mL) was added and stirring was continued for 20 min after which a solution of ZnCl2 in Et2O (1 M, 2 eq., 1.34 mmol) was added at the same temperature. The cooling bath was allowed to warm up to room temperature overnight and the sovent was removed in vacuo. The residue was taken up in Et2O (30 mL) and the solution was washed with saturated aq. NH4Cl (2x15 mL), dried over MgSO4, filtered and concentrated in vacuo, yielding chloride S1 (271 mg, 0.67 mmol), which was directly used for the next step.
1 H NMR (300 MHz, CDCl3): δ = 0.85 - 26 -7.37 (m, 5H) .The chloride S1 (258 mg, 0.64 mmol) was dissolved in dry THF (7 mL) and cooled to -78 °C before a solution of vinyl grignard in THF (0.7 M, 1.5 eq., 0.96 mmol) was added dropwise and the reaction mixture was stirred for 1h at the same temperature. After that the cooling bath was removed and stirring was continued overnight. The reaction mixture was diluted with an equal volume of CyHex and washed with saturated aq. NH4Cl (2x10 mL). The aqueous layer was re-extracted with Et2O (25 mL) and the combined organic layers were dried over Na2SO4, filtered and concentrated in vacuo. 04, 26.15, 26.61, 27.08, 27.49, 28.33, 43.08, 71.26, 72.97, 83.60, 127.45, 127.63, 128.36, 136.62 . 3065, 3031, 2923, 2851, 1450, 1394, 1363, 1311, 1239, 1175, 1098, 891, 841, 817, 803, 732, 696 
(S)-2-((benzyloxy)methyl)but-3-en-1-ol
n-BuLi (1.6 M solution in hexanes, 0.09 mL, 0.14 mmol) was added dropwise to a solution of allylborane 12 (50 mg, 0.12 mmol) and ClCH2I (18 µl, 0.24 mmol) in absolute THF (1.2 mL) at -78 °C. After warming up to room temperature the reaction mixture was diluted with cyclohexane (1.3 mL) and washed with sat. aq. NH4Cl. The aqueous layer was extracted with Et2O and the combined organic layers were dried over Na2SO4, filtered and concentrated in vacuo. Complete conversion into the homologation product S2 was confirmed by 1 H NMR of the crude. . Then the crude product was dissolved in THF (1 mL) and cooled to 0 °C before aq. NaOH (2 M, 0.72 mL) and H2O2 (7.2 µL, 30%) were added successively. The reaction mixture was stirred for 1 h at room temperature and for 1 h at 45 °C. The reaction mixture was washed with 1M NaOH and the organic layer was dried with NaSO4. The solvent was removed in vacuo and after flash chromatography (CyHex/EtOAc 9:1) the alcohol S3 (11 mg, 0.06 mmol, 50%) was obtained as a colorless oil. Rf = 0.16 (silica gel; CyHex/EtOAc 4:1). = 138.3, 128.2, 128.1, 127.5, 83.8, 75.7, 42.8, 28.3, 27.4, 26.4, 26.0, 25.8 .
H NMR (300 MHz
1 H-and 13 C-NMR data were consistent with those previously reported. However, the procedure reported in here appears to be superior: Singh, R. P.; Matteson, D. S. J. Org. Chem. 2000, 65 (20) , 6650-6653.
Modified Synthesis of (S,S)-DIPED from Tartaric Acid
The route shown in Scheme S2 is a modified version of Matteson´s synthesis of DIPED from tartaric acid (S4).
11 The first steps (to S5 and S6) were conducted as reported by Matteson. A variation of Hoffmann´s procedure 10 was used for elimination of S6 to S7, as it avoided the use of a tube furnace.
However, it required excess DMAP to suppress the formation of a tetrahydrofurane derivative, which was still observed on many occasions. In the next step Matteson used rhodium on alumina, which was successfully replaced by Ra-Ni. The amounts needed varied drastically, as amine contaminants from the previous reaction poisoned the catalyst. Therefore Ra-Ni was added till the reaction was complete. Both S7 and S8 are quite volatile (e.g. upon evaporation), thus handling is inconvenient. This route was abandoned in favor of the DICHED synthesis described in this article.
Scheme S2: Synthesis of DIPED (S8) from tartaric acid based on routes by Matteson
11 and Hoffmann.
(4S,5S)-2,2-Dimethyl-4,5-di(prop-1-en-2-yl)-1,3-dioxolane (S7)
A round bottom flask was charged with DCM (140 mL), S6 (5.18 g, 23.3 mmol, 1.0 eq), 4-N,Ndimethylaminopyridine (5.80 g, 47.5 mmol, 2.0 eq) and triethylamine (19.69 g, 27.2 mL, 194.6 mmol, 8 .2 eq) and cooled to 0 °C. Then methanesulfonyl chloride (13.6 g, 9.2 ml, 118.7 mmol, 5.0 eq) was added dropwise at 0 °C to the vigorously stirred reaction mixture. Stirring was continued over night at room temperature. Then water (85 mL) was added under stirring. The layers were separated and the aqueous phase was re-extracted with Et2O (2x30 mL). The combined organic phases were then washed with brine, dried over Na2SO4 and filtered. The solvent was removed carefully on a rotary evaporator (p>300 mbar, product volatile). After distillation of the residue (70 °C at 10 mbar), the product S7 was obtained as an off white liquid (2.83 g, 15.5 mmol, 65 %). 1 H NMR (300 MHz, Chloroform-d) δ = 5. 04 -5.03 (m, 2 H), 4.97 -4.96 (m, 2 H), 4.19 (s, 2 H), 1.78 -1.77 (m, 6 H), 1.46 (s, 6 H) .
1 H NMR data were consistent with those previously reported.
(3S,4S)-2,5-Dimethylhexane-3,4-diol ((S,S)-DIPED, S8)
To a solution of S7 (1.34 g, 7.36 mmol) in EtOH (8 mL), a spatula-tip of Raney-Ni (slurry in EtOH, ca. 50 mg) was added under Argon. Then the reaction mixture was stirred under an atmosphere of H2 at room temperature over night. The reaction mixture was filtered over celite under argon and the conversion of S7 was checked by TLC (resubmit if incomplete). Then 2 M HCl (8 mL) was added and the reaction mixture was heated to reflux over night. The solvents were removed by distillation through a short vigreux column at 1 atm. The residue was allowed to cool to room temperature before brine and Et2O were added. The phases were separated and the aqueous layer was re-extracted with Et2O (2x). The combined organic phases were washed with sat. aq. NaHCO3, dried over MgSO4 and filtered. The solvent was removed carefully under reduced pressure (p>400 mbar, product volatile) and the product dried for 6 h at 400 mbar. SS-DIPED (S8) was obtained as a white, fluffy, fibrous solid (700 mg, 4.79 mmol, 65 %). 
